The antidiabetic effect of dahi was observed on highfructose-induced diabetic rats. The fasting blood glucose, glycosylated haemoglobin, insulin, free fatty acids and triglyceride levels of the dahi fed group animals were significantly lower than those of the control group (p < 0:05). The imparity of the glucose tolerance test was also delayed by one week in the dahi-fed animals.
Kjeldahl method, for fat by the Rose-Gottlieb method, for lactose by the method of Folin and Wu and for moisture and total solids by the AOAC method.
11) The pH value of dahi was determined with a mp Controlled pH analyzer (Labindia, Mumbai, India) equipped with a combination spear tip glass body electrode and thermometer. The titratable acidity in terms of lactic acid was measured according to the procedure recommended in Part I of IS: 1479 (ISI, 1960).
12) The final product contained $67 Â 10 8 cfu/g. Male albino rats of the Wistar strain used in this experiment were obtained from the small animal house of the institute. The initial body weights among the experimental groups were not significantly different. The animals were housed 3 per cage of similar body weight in a room with 12/12-hour light/dark cycle at an ambient temperature of [20] [21] [22] [23] [24] [25] C. The rats were randomly divided into two groups: i) the Normal group (n ¼ 6) fed with a standard diet without fructose and dahi (Table 1) ; ii) Control group (n ¼ 6) fed with a high-fructose diet (Table 1) ; and iii) Dahi fed group (n ¼ 6) fed with a dahi-supplemented high-fructose diet for 42 days. Water was supplied ad libitum. The protein contents and caloric values of the three diets were similar ( Table 1) . The daily food intake and body weight were analysed at weekly intervals. This study was approved by the National Dairy Research Institute Animal Ethics Committee, and the rats were maintained in accordance with the National Institute of Nutrition, India guidelines for the care and use of laboratory animals.
The oral glucose tolerance tests (OGTT) were performed at weekly intervals during the experimental period on 12-h-fasted rats before the administration of an oral glucose load (2 g/kg body weight; a 200 g/l solution). Blood samples were drawn from the tail vein before (0 min) and 15, 30, 60, 90 and 120 minutes after the oral administration of glucose. The glucose level was determined with an Accu-Check Advantage blood glucose monitor (Roche Group, Indiana, USA). At the end of the experiment, blood samples were collected in heparinized tubes (2 U/ml) from the orbital venous plexus from 12-h-fasted rats and centrifuged at 4000 rpm y To whom correspondence should be addressed. Tel: +91-184-2259128; Fax: +91-184-2250042; E-mail: yadavhariom@gmail.com Biosci. Biotechnol. Biochem., 70 (5), [1255] [1256] [1257] [1258] 2006 Note for 10 min. The plasma obtained was used to analyse the triglyceride level (by enzymatic method kit procured from Bayer Diagnostics, India) and insulin concentrations by using an enzyme immunoassay kit (Marcodia Rat Insulin, Sweden). Glycosylated haemoglobin in the blood (measured with a cation-exchange resin kit (Monozyme Pvt. Ltd., India) and free fatty acids were measured by the method of Itaya and Ui. 13) The data were analysed by Statistical Package for Social Science (SPSS for Windows, version 10.1, SPSS Inc. Chicago, IL). Each value is expressed as the mean AE SD, and values were analysed by ANOVA with the Bonferroni model to determine differences among the mean values of groups. A p value <0:05 is considered significant.
The gross chemical composition of dahi, viz. moisture (78.23%), total solid (21.08%), protein (3.94%), fat (2.52%) and lactose (3.73%), pH value (4.98) and titratable acidity (1.01%) were within the range typically found for normal dahi or yoghurt. As shown in Table 2 , the body weight gain during the 6 weeks of the experimental period was not significantly different among the experimental animals of all three groups. The blood glucose level was significantly higher (39%) in the control group animals than in the normal group animals, whereas blood glucose was lower (17%) in the dahi-fed group animals. Similarly, the glycosylated haemoglobin level in the control and dahi-fed groups was significantly higher (46%, 27%, respectively) than that in the normal group. The blood glucose and glycosylated haemoglobin levels were significantly lower in the dahi-fed group (26% for both) than in the control group animals. Glycosylated haemoglobin is the product of a chemical reaction that takes place in blood with excess sugar under oxidative stress, and the molecule is stable over the life of the erythrocytes. 14) This property results in glycosylated haemoglobin being most often used to monitor long-term blood glucose homeostasis. The results of our study indicate that the development of hyperglycaemia and the progression of diabetes by feeding a high-fructose diet and dahi might be prevented and/or delayed.
The OGTT tests were performed at weekly intervals, although only the data for the 3 rd and 6 th week of the 
11)
c From Central Drug House Pvt. Ltd., India. Ã Calculated from food tables and the excel-based developed programme.
25)
ÃÃ Determined by the micro-Kjeldahl method. experimental period are presented here (Fig. 1) . OGTT of the control group animals was impaired by the 3 rd week, whereas OGTT was impaired by the 4 th week of the experimental period in the dahi-fed group of animals. The area under the curve after oral glucose loading (AUC glucose ) was significantly higher (39%) than that of the normal group of animals in the 3 rd week of the experimental period, whereas the dahi-fed group of animals only showed slightly higher AUC glucose values (15%). However, after 6 weeks of the experimental period, the AUC glucose level was significantly higher (62%) in the control group of animals than in the normal group. AUC glucose was lower (48%) in the dahi-fed group than in the control group of animals, but it was higher (27%) than that of the normal group of animals in the 6 th week of the experimental period (Fig. 1) . These results indicate that dahi could improve and/or delay the impairment of OGTT in high-fructose-diet-fed rats. A high-fructose diet induces insulin resistance and hyperinsulinemia which might be causative factors for the impaired glucose tolerance. [15] [16] [17] [18] [19] The plasma insulin level was also higher (51%) in the control group than in the normal group of animals. The plasma insulin level in the dahi-fed group was significantly lower (36%) than in the control group of animals, but was higher (23%) than the normal animals. On the basis of these observations, we concluded that the dahi-supplemented diet might have prevented and/or delayed the increased blood glucose and impaired OGTT, and suppressed hyperinsulinemia during the experiment and may inhibit the development of the insulin resistance syndrome/type 2 diabetes induced by a high-fructose diet. A limited number of studies have been conducted on the antidiabetic effect of lactic acid bacteria and their fermented products. [20] [21] [22] [23] Dahi used in the present study was made by the fermentation of Lactococcus cultures. These Lactococcus bacteria may have proteinase enzymes on the cell wall which degrade the casein protein of the milk during fermentation and might produce bioactive peptides; these may show the antidiabetic potential of dahi. The functional galacto-oligosaccharides (prebiotics) that were formed in this dahi during fermentation were also analysed by the HPLC method (data not shown here). Functional galacto-oligosaccharides have also been suggested to have a number of beneficial effects on human health which include bifidogenic activity, stimulation of mineral absorption, a hypolipidemic effect, and prevention of colon cancer. 24) Lactic acid bacteria reaching the intestine can colonize on the intestinal epithelium of an animal which may reduce glucose absorption from the small intestine, although the mechanism is not known. The results presented here do not provide strong supportive evidence; we want to measure the in vitro glucose utilization by the bacterial culture, the glucose absorption by rats fed with dahi, and the active components of dahi.
Hypertriglyceridemia, hyperinsulinemia, hypercholesterolemia, hypertension and increased free fatty acids are common features in animal models of insulin resistance induced by a high-fructose diet. [15] [16] [17] [18] [19] Increased levels of triglyceride and free fatty acids are the main predictors and/or causative agents for inducing the insulin resistance in type 2 diabetes. The triglyceride and free fatty acid levels were significantly higher (35% and 52%, respectively) in the control group animals than in the normal animals. In the dahi-fed group of animals the triglyceride and free fatty acid levels were significantly lower (30% and 49%, respectively) than in the control group of animals. These results suggest that the dahi also suppressed the elevation of triglyceride and free fatty acids. However, the anti-hyperlipidemic effect of dahi needs further study.
The foregoing observations lead us to conclude that the dahi slightly inhibited the development of early hyperglycemia, glycosylated haemoglobin, hyperinsulinemia, hypertriglyceridemia and free fatty acids. In addition, the dahi delayed the impairment of OGTT. This dahi needs a further thorough study to identify the Tolerance. Rats (6-8 weeks old, male, n ¼ 6) were administered 2 g/kg body weight of glucose after fasting for 12 h with a 15% dahisupplemented high-fructose (21%) diet. The blood glucose level was measured from 0 to 120 min. Each value is the mean AE SD.
antidiabetic mechanism. Such a study should be conducted on the Lactococcus bacteria present in dahi individually as a culture (raw/lyophilized).
